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The present work identify an island in the values of dimensionless parameter χ as +0.10 < χ <
+0.55 outside which no magnetic rotational (MR) bands due to the repulsive interaction would be
observed. The semi-classical calculations within the hybrid shears mechanism with the principal axis
cranking model (HSPAC) reveal the possibility of the shears band due to the attractive interaction for
nuclei in A ∼ 140 region. Though the limited information exists in literature, the HSPAC calculation
exhibits the dipole bands above the 4389-keV and 4160-keV excited states in 145Sm and 146Eu nuclei,
respectively, demand their candidature of the attractive shears bands. Other interesting consequence
of the HSPAC calculations is the increasing nature of the B(M1) and B(E2) transition strengths
with spin unlike the decreasing nature of the transition strengths (B(M1) and B(E2) values) of the
MR bands. Thus measurement of the transition probability has been required on urgent basis to
validate the strong candidature of such an extreme excitation mechanism in 145Sm and 146Eu nuclei.
PACS numbers: 21.10.Re, 21.10.Tg, 21.60.Ev, 23.20.Lv, 27.60.+j
I. INTRODUCTION
The generation of the band-like structure in weakly
deformed nuclei near the shell closure is a long standing
debate. These nuclei, generally, do not able to acquire
the asymmetry in mass distribution like mid-shell nuclei
that break the rotational symmetry which results the ex-
hibition of the E2 band structure in their excitation spec-
trum [1–3]. The current distributions of the few nucleons
(particles and/or holes) outside the core play crucial role
of generating the angular momentum in these nuclei. In
fact, several exotic mechanisms have been observed due
to the interplay between the holes and particles outside
the core of the weakly deformed nuclei near shell closure
[4].
It is well established [5, 6] that the “shears mechanism”
is a general phenomenon of generating the angular mo-
mentum in weakly deformed nuclei, possess of few par-
ticles and holes orbiting around the core nucleus. The
manifestation of the shears mechanism in terms of the
observation of the band-like structure consisting of the
strong M1 transitions called “magnetic rotation” (MR)
has been found in the level structure of these nuclei [7].
The weak or unobserved cross-over E2 transitions pro-
vides strong support of the weakly deformed mass dis-
tribution to these nuclei. The repulsive interaction po-
tential between the particles and holes favours the per-
pendicular coupling of the angular momentum vectors
produced by them at the bandhead. The higher excited
states of the MR band are generated by gradual closing
of the angular momentum vectors. The MR band termi-
nates when two blades are fully aligned giving maximum
possible spin for the configuration of interest. At the
end of the MR band, the current distribution becomes
symmetric with respect to the total angular momentum
vector (I).
It is noteworthy that the polarization of the core due
to the occupancy of the few particles and holes in the
high-j shape driving orbitals plays a crucial role for gen-
eration of the MR band. This produces a certain core
deformation which aligns the particles and holes along
the respective axes, thus, make the nucleus favourable
for the shears mechanism. The resulting core deforma-
tion, strongly correlated with the number of particle-hole
pair of the MR band, can evolve throughout the band.
Such interplay between the core polarization and shears
mechanism has been observed in several weakly nuclei
in different mass region. In shears mechanism, the core
deformation plays a role similar to the reagent in chemi-
cal reaction but, here, both of these excitation’s diminish
one another. Therefore, a region of overlap of the core
deformation and the number of particle-hole pair exists
otherwise shears mechanism is forbidden for any other
possible combinations. Introducing a dimensionless pa-
rameter (χ) in the shears mechanism Clark and Macchi-
avelli has been explored such a region for the symmetric
shears [8]. It has been concluded then that shears mech-
anism is favourable for small values of χ whereas core
rotation becomes more economical if χ is large (> 50%).
Though the large number of the asymmetric shears (un-
equal shears blades jp and jn produced by the particles
and holes, respectively) have been observed the evidence
of the perfect symmetric shears are yet not exists in lit-
erature, to my best knowledge.
To explore the intrinsic characters as well as inter-
play between the core rotation and the shears mecha-
nism of the MR bands the shears mechanism with the
principal axis cranking (SPAC) model has been identi-
fied as the powerful tool [9–16]. The main motivation
for present work is to investigate the favourable region of
the asymmetric and symmetric shears within the hybrid
shears mechanism with the principal axis cranking model
(HSPAC) by introducing χ in the SPAC model for the
weakly deformed nuclei near shell closure. The emphasis
will be given to explore the possibility of the attractive
shears (shears blades are produced by the similar type of
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FIG. 1: Schematic description of the angular momentum
coupling scheme, responsible for repulsive interaction, used
in the semiclassical HSPAC model calculation and the orien-
tation of shears blades j1 and j2 for normal initial alignment.
the valence particles i.e either particles or holes) of these
nuclei as hinted by Clark and Macchiavelli. The possi-
ble candidature of the attractive shears for the N = 83
145Sm [17] and 146Eu [18] isotones will be discussed.
II. FRAMEWORK OF THE MODEL
The theoretical calculations within the semi-classical
shears model as well as the SPAC model have been per-
formed to explore the intrinsic structural properties of
the MR bands in A ∼ 140 mass region [9–12, 14–16].
In the SPAC model, the rotation of core has been taken
into consideration for better understanding of the exper-
imental results of the MR bands. Clark and Macchiavelli
identified an island for shears mechanism by introducing
a dimensionless parameter (χ) in the symmetric shears
model in which magnitude of the shears blades, jp and
jn produced by the particles and holes, respectively, are
equal. Since the perfect symmetric shears are yet remain
to be unobserved the present work focus to construct a
hybrid model by introducing the χ in the SPAC model to
describe the observed features of the asymmetric shears
bands. Due to this the present model has been termed
as the hybrid shears mechanism with the principal axis
cranking (HSPAC) model.
In this model, total energy of an excited state E(I) can
be expressed as,
E(I) =
R2 (I, θ1)
2J(I)
+ v2P2(cos(θ1)) (1)
where, first and second terms represent the collective
and quasi-particle (shears) interaction energy contribu-
tion. Here, θ1 is the angle of
−→
j1 with respect to the ro-
tational axis (
−→
R ) whereas the direction of
−→
j2 is set along
the rotational axis (
−→
R ) [as, shown in Fig. 1].
The spin of the state (I) is thus related to the
−→
j1 ,
−→
j2
and
−→
R as,−→
R =
−→
I -
−→
j1 -
−→
j2
or, R2 = I2 + j21 + a.j
2
1 - 2Ij1(a.cosθI + cos(θ1 - θI))
+ a.j21 .cosθ1
Expressing E(I) in the reduced form Eˆ(Iˆ) =
E(I)×J(I)
2j21
, the equation 1 becomes,
Eˆ(Iˆ) = Iˆ2 +
1 + a2
4
− 1
2
(
√
4Iˆ2 − sin2θ1(a+ cosθ1)+
sin2θ1) +
a
2
cosθ1 +
χ
4
cos2θ1 −
χ
12
(2)
where, χ =
J(I)
j21/3v2
is a dimensionless quantity, deter-
mines the contribution of the core rotation in the shears
band. The sign of the χ represents the nature of the po-
tential i. e. attractive (χ = -ve) or repulsive (χ = +ve)
interaction.
For each value of the reduced spin Iˆ, the angle θ1 be-
tween the shears blades j1 and j2 (= aj1) can be obtained
by minimized Eˆ(Iˆ) w.r.t. the angle θ1,
∂Eˆ(Iˆ , θ1)
∂θ1
= 0. (3)
Simplification of this gives the relation between Iˆ and
θ1 as follows,
√
4Iˆ2 − sin2θ1 +
cosθ1(a+ cosθ1)√
4Iˆ2 − sin2θ1
− (2 +χ)cosθ1−a = 0
(4)
Thus, the rotational frequency (ωˆ) for the state with
reduced spin Iˆ can be obtained from,
ωˆ = 2Iˆ(1− χ+
√
4Iˆ2 − sin2θ1 − a
cosθ1
) (5)
This minimized value of θ1 is then used to determine
the B(M1) and B(E2) transition rates from the following
relations,
B(M1) =
3
8pi
[g∗1j1sin(θ1 - θI) - g
∗
2j2sin(θI)]
2
, and (6)
B(E2) =
15
128pi
[
Qeff sin
2(θ1j) + Qcollcos
2(θI)
]2
, (7)
where, g∗1 = g1 - gR, g
∗
2 = g2 - gR and gR = Z/A.
Here, Qeff and Qcoll are the quasi-particle and collective
quadrupole moments, respectively.
3The effectiveness of this model over SPAC model is
the reduction of the free parameters. In SPAC model,
two independent parameters the core moment of inertia
(J(I)) and the particle-hole interaction potential (v2) are
defined to characterize the core rotation and the shears
mechanism, respectively. In the present model, only one
parameter χ is defined which is representative of contri-
bution of the angular momentum produced by the ro-
tation of the deformed core with respect to the shears
mechanism for generation of the MR bands. The present
model allows to defining a region in χ outside which rota-
tion of core dominates over the shears mechanism, there-
fore, shears mechanism ceased. For small values of the χ
(< 0.5) the shears mechanism dominates while for higher
values of χ (> 0.5) the core rotation plays the important
role for generation of the MR band.
III. CALCULATION FOR THE Sm AND Eu
NUCLEI
A large number of dipole bands have been observed
in the A ∼ 140 mass region. The dipole bands of the
139,141,142,143Sm, 141,143Eu and 142Gd nuclei in this mass
region have been identified as MR bands from the experi-
mental measurements of theB(M1) values along with the
theoretical TAC and SPAC model calculations [9–12, 14–
16]. In the A = 140 mass region, the valence protons and
neutrons quasi-particles in the g7/2/d5/2 and h11/2 or-
bitals, respectively, make the nuclear system preferable
for generating the MR bands. The assigned configura-
tions of these MR bands along with the obtained equilib-
rium deformation parameters have been listed in Table
I. The tilted axis cranking model and total routhian sur-
face calculations in most of the cases are in agreement
to each other. This allows us to unwavering the shape of
the nucleus associated with the assumed configuration.
The calculations show that the deformation increases as
neutron number decreases, as for example, the deforma-
tion associated with the MR bands in N = 78 nuclei is
much larger (by a factor of two) than the deformation of
the MR bands in N = 80 nuclei (Table I).
To get better understanding of the effect of the core ro-
tation on the MR bands in this mass region we have per-
formed the Hybrid shears mechanism with the principal
axis cranking (HSPAC) model calculations. In this cal-
culation, the configurations of the MR bands have been
adopted from the Ref. [9, 10, 12, 14–16] as given in Ta-
ble I. The parameters used in the calculations are similar
to those of the SPAC calculations of the respective nu-
clei. Using the same sets of parameters as of the SPAC
calculations it has been observed that the experimental
results are in well agreement within the present HSPAC
calculations. The experimental rotational frequency (ω),
B(M1) and B(E2) values (taken from the previous works
[9, 10, 12, 14–16]) of these bands, as shown in Fig. 2, are
in good agreement with calculations performed for the
values of the parameter χ as +0.21, +0.34, +0.31 and
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FIG. 2: (Color online) The comparison of the experimental
(a) B(M1) (b)B(E2) and (c) ω values with the HSPAC model
calculations (solid lines) for the MR bands in 139,141−143Sm
and 143Eu nuclei in mass A ∼ 140 region. The experimental
results are adopted from the earlier works on the respective
nuclei [9–12, 14–16].
+0.54, for the Sm isotopes having N = 81, 80, 79 and
77, respectively. It has been observed that the value of
χ increases from the +0.21 for N = 81 to +0.54 for N
= 77 isotopes of Sm. The same calculations has been
performed for the Eu isotopes. Though the observation
of the MR bands are limited only to the 141Eu (N =
78) and 143Eu (N = 80) nuclei the calculations shows
that core rotation plays significant role in 141Eu (χ =
+0.41) whereas shears mechanism dominates for 143Eu
(χ = +0.13). This reflects the fact that the effect of
4the core rotation on the MR bands increases as one goes
away from the shell closure. It is in-coincidence with our
prime knowledge of the deviation of the nuclear shape
from spherical becomes more prominent for nuclei close
to the mid-shell.
The semi-classical calculations within the HSPAC
model show that the large collective contribution (χ =
+0.54) of the MR in 139Sm (N = 77) is in agreement
with the TAC and the SPAC results as performed in the
previous work. On the other hand, least rotational con-
tribution (χ = +0.13) results the maximal contribution
of the angular momentum arises from the quasi-particle
interaction for the MR band in 143Eu. All the observed
MR bands in the A ∼ 140 region are fall in between these
two extreme values of χ. Thus, one may identify an island
in the values of χ as +0.10 < χ < +0.55 outside which
no MR bands due to the repulsive interaction would be
observed.
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FIG. 3: The angular momentum vector coupling scheme
for the attractive interaction potential between the valency
particles. Two possible configuration emerge out due to the
orientation of the angular momentum vectors are (a) along
the rotational axis and anti-parallel to it (b) perpendicular to
the rotational axis.
IV. POSSIBILITY OF THE MR BANDS DUE
TO THE ATTRACTIVE INTERACTION
Until today, the observation of the MR bands in the
weakly deformed nuclei is restricted to only due to the
repulsive interaction. Clark and Macchiavelli first explain
the possibility of the shears band due to the attractive
interaction of the similar type of the valence particles i.e
either particles or holes.
Depending of the deformation of the nuclear system
alignment of the anti-aligned valency particles two dis-
tinct situation would occurs. The first one is the align-
ment of the particle(holes) along the rotational axis (x)
and anti-parallel to it. In this case, with increasing fre-
quency the angular momentum vector anti-aligned to the
rotational axis tries to align along the rotational axis.
The energy of this configuration, as shown in Fig. 3 (a),
can be represented by Eq. 2 considering the sign of χ
as negative. Consequently, the shears frequency and the
B(M1) and B(E2) transitions strength can be calculated
following the Eqs. 5, 6 and 7, respectively.
On the basis of the above formalism some distinct char-
acteristic features of the shears bands due to the attrac-
tive interaction (χ = -ve) have been found in comparison
with the well-established MR bands due to the repulsive
interaction potential as follows.
i. Unlike the smoothly increasing nature of the shears
frequency in the MR bands the calculated frequency
shows a decreasing trend with spin when the attractive
interaction has been considered as shown in Fig. 4 (a).
ii. The attractive interaction potential produces mini-
mum energy for the anti-parallel coupling of the angular
momentum vectors at the bandhead whereas the perpen-
dicular coupling is favourable for the repulsive potential
(conventional MR bands) as depicted in Fig. 4 (b).
iii. The conventional MR bands, produce due to the re-
pulsive interaction, terminate when the shears blades are
fully aligned i. e. the angle between them is zero but in
present case of the attractive potential the perpendicular
coupling of the blades gives maximum energy, therefore,
band ends at this point (Fig. 4 (b)) .
iv. The B(M1) and B(E2) transition probabilities show
a sharp increasing nature with spin of the states in con-
trast to the decreasing behaviour of the same for the
conventional MR bands (Fig. 5).
Another situation would occurs, as described in Fig. 3
(b), when the valency particles favour their angular mo-
mentum vectors along the deformation (symmetry) axis
and anti-parallel to it. The higher energy states within
this configuration have been generated by the simultane-
ous closing of the anti-aligned vectors towards the rota-
tional axis. The energy of the state I within this config-
uration can be expressed as
E(I) =
R2 (I, θ1, θ2)
2J(I)
+ v2P2(cos(θ1 + θ2)), (8)
where, first and second terms represent the collective
5TABLE I: The proposed configurations and the associated equilibrium deformation parameters for the MR bands in mass
A = 140 region.
Nucleus Configuration (2, γ) [TAC]
a (β, γ) [TRS] Shape j1 j2 χ
141Eu DB1 (N = 78) pih111/2⊗ νh−211/2 -0.07, 0◦ 0.16, -87◦ Oblate 5.5~ 8~ +0.41
143Eu DB I (N = 80) pih211/2⊗ νh−211/2 pig−17/2 0.07, -10◦ Prolate 11.5~ 8~ +0.13
139Sm (N = 77) pih211/2⊗ νh−111/2 +0.10, 0◦ 0.18, 30◦ Prolate 5.5~ 9~ +0.54
141Sm (N = 79) pih211/2⊗ νh−111/2 0.16, 37◦ Prolate 5.5~ 9~ +0.31
142Sm (N = 80) pih111/2⊗ νh−211/2 pig−17/2 0.07, -94◦ Oblate 5.5~ 11.5~ +0.34
143Sm (N = 81) pih411/2⊗ νh−111/2 pig−27/2 0.10, 0◦ Prolate 9.5~ 14~ +0.21
aThe minimum values of the deformation parameters (2, γ) for
141Eu and 139Sm are taken from the Refs. [10] and [9], respec-
tively. The deformation parameters (β, γ) are either taken from
the previous Refs. [12, 14–16] or obtain using the prescription as
described in Refs. [19, 20].
and quasi-particle (shears) interaction energy contribu-
tion. Here, θ1 and θ2 are the angle of
−→
j1 and
−→
j2 with
respect to the rotational axis (
−→
R ), respectively, as shown
in Fig. 3 (b). Using the dimensionless parameters Iˆ, a
(=j2/j1) and χ (as defined earlier) the energy of the state
reduced to Eˆ as
Eˆ(Iˆ) = Iˆ2+
1 + a2
4
− 1
2
(
√
4Iˆ2 −X2sin2(θ1j − θ1)(cosθ1+
a× cosθ2) +Xsin(θ1j − θ1)(a× sinθ2 − sinθ1))+
a
2
cos(θ1 + θ2) +
χ
4
cos2(θ1 + θ2)−
χ
12
(9)
where, X =
√
1 + a2 + 2a× cos(θ1 + θ2) is a dimen-
sionless quantity and
θ1j = tan
−1 j2sin(θ1 + θ2)
j1 + j2cos(θ1 + θ2)
(10)
is the angle of
−→
j1 with respect to the vector
−→
jsh =
−→
j1
+
−→
j2 . For each value of the reduced spin Iˆ, the angles
θ1 and θ2 can be obtained by minimized Eˆ(Iˆ) w.r.t. the
angles θ1 and θ2,
∂2Eˆ(Iˆ , θ1, θ2)
∂θ1∂θ2
= 0. (11)
This 2-D minimization condition reduced to 1-D min-
imization condition when the variation of θ2 has been
assumed as
θ2 = θ
i
2(θ1/θ
i
1)
α, (12)
where, θi1 and θ
i
2 are the initial values of the angles θ1
and θ2 and taken them as 90
◦ in the present calculation.
The quantity α represents how values of θ2 change with
respect to the angle θ1.
Thus, the rotational frequency (ωˆ) for the state with
reduced spin Iˆ can be obtained from,
ωˆ = 2Iˆ(1− cosθ1 + a× cosθ2√
4Iˆ2 −X2sin2(θ1j − θ1)
) (13)
This minimized values of θ1 and corresponding values
of θ2 are then used to determine the B(M1) and B(E2)
transition rates from the following relations,
B(M1) =
3
8pi
[g∗1j1sin(θ1 + θI) - g
∗
2j2sin(θ2 - θI)]
2
, and
(14)
B(E2) =
15
128pi
[
Qeff sin
2(θ1j) + Qcollcos
2(θI)
]2
, (15)
where, g∗1 = g1 - gR, g
∗
2 = g2 - gR and gR = Z/A.
Here, Qeff and Qcoll are the quasi-particle and collective
quadrupole moments, respectively.
The calculated results within the initial aligned and
anti-aligned to the symmetry (deformation) axis are well
reproduced the results as obtained from the rotation
aligned consideration (Figs. 4 and 5) except here the
calculated frequency shows strong correlation with the
parameter α (Fig. 6). The decreasing features of ωˆ has
been found for the values of α > 0.5 and above this value
of α the ωˆ start to exhibiting rapid increasing behaviour
with Iˆ. This result is not furious as for small values of
α, say α = 0.2, the angle θ2 remains almost constant,
therefore the vector
−→
j2 directed along the symmetry axis
favours such increasing trend of ωˆ with the Iˆ throughout
the band.
As, the two modes of shears mechanism (MR and
AMR) have been observed in the weakly deformed nu-
clei in A ∼ 140 mass region, this new form would also
be expected here for nuclei with N > 82. This is due
to the fact that here, neutron(s) is(are) outside the N
= 82 core and protons can be easily excited to the h11/2
orbital from the g7/2/d5/2 orbital make them to realize
as particle character. In reality, the excitation spectra of
6the 145Sm [17] and 146Eu [18] nuclei exhibit the band-like
structure consisting of the strong M1 transitions having
decreasing gamma energy with spin.
Above the 29/2(+) 4389-keV excited state of the 145Sm,
a dipole band-like structure having M1 γ transitions of
energies 715, 477, 397 and 313-keV was observed by the
A. Odahara et al [17] (Fig. 6 (a)). The decreasing na-
ture of the observed frequency of states hints the possi-
bility of generation this band from the attractive shears
mechanism. Though the parity of the states of interest
are tentatively assigned the maximum observed spin of
the band allows the possible configurations pih211/2g
2
7/2 ⊗
νi113/2 and pih
3
11/2g
1
7/2 ⊗ νi113/2 assuming the parity of
the states as positive and negative, respectively. Simi-
lar decreasing trend of the rotational frequency has been
observed in the dipole sequence consisting of the γ-ray
transitions of energies 896, 772, 520 and 482-keV built
on the 4160-keV excited state in 146Eu [18] (Fig. 6 (b)).
The observed maximum spin of this band can be repro-
duced from the configurations pih311/2g
2
7/2 ⊗ νi113/2 and
 
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FIG. 4: (Color online) The calculated (a) shears frequency
(ωˆ) and (b) energy (solid lines) and the shears angle (dash
lines) within the HSPAC model considering the attractive
(red lines) and repulsive (black lines) interaction potentials
with the values of χ as -0.15 and +0.15, respectively. In the
calculation the values of j1 and a are adopted as 6.5 and 2,
respectively.
pih211/2g
3
7/2 ⊗ νi113/2 assuming the negative and positive
parity of the same, respectively. Though the neutron sec-
tor of the above configurations, both in 145Sm and 146Eu,
have one neutron in i13/2 orbital the possibility of occu-
pying the h9/2/f7/2 cannot be ruled out. Such occupa-
tion of the neutron in the h9/2/f7/2 orbital would results
change in the parity of the configuration but the maxi-
mum spin that can be generated within this framework
(attractive shears mechanism) remains almost unaltered.
To understand the characteristic of the band of inter-
est, we have performed the HSPAC model calculations
assuming the angular momentum vectors produced from
the configuration of interest, as mentioned above, are
anti-parallel to the axis of rotation and to the symme-
try axis. In the calculations, we have considered the val-
ues of the parameters Qeff , Qcoll, g1 and g2 are same
as used in the calculations shown in Fig. 5. For 145Sm
nucleus, both of the calculations are well reproduced the
experimental frequency considering the values of χ, j1
and a are -0.18, 6.5~ and 2.62; and -0.10, 17~ and 0.38
for the initial anti-parallel to the axis of rotation and to
the symmetry axis, respectively (Fig. 8). Here, for the
initial anti-parallel to symmetry axis the adopted value of
j1 (17~) can only possible for the negative parity configu-
ration pih311/2g
1
7/2 ⊗ νi113/2. For the calculations of 146Eu
nucleus the adopted values of χ, j1 and a are -0.19, 6.5~
and 3.15; and -0.10, 19.5~ and 0.33 for the initial anti-
parallel to the axis of rotation and to the symmetry axis,
respectively (Fig. 8). The calculated frequencies in com-
parison with the experimental results (taken from Ref.
[18]) are depicted in Fig. 9. The above calculations re-
veal that the dipole bands of interest in 145Sm and 146Eu
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FIG. 5: (Color online) The calculated B(M1) (black lines)
and B(E2) (red lines) values within the HSPAC model con-
sidering the attractive (solid lines) and repulsive (dash lines)
interaction potentials with the values of χ as -0.15 and +0.15,
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FIG. 6: (Color online) The calculated shears frequency (ωˆ)
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tion potential and initial anti-parallel alignment to the sym-
metry axis (Fig. 3 (b)) with the values of χ as -0.15. In the
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nuclei, as shown in Fig. 7, may be originated due to the
attractive shears mechanism.
The present HSPAC calculations on the 145Sm and
146Eu nuclei reveal the increasing nature of the B(M1)
and B(E2) transition strengths with spin unlike the de-
creasing nature of the transition strengths (B(M1) and
B(E2) values) of the MR and AMR bands (inset of Figs.
6 and 7). This intrinsic feature of these bands makes
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FIG. 7: (Color online) The partial level scheme of the (a)
145Sm and (b) 146Eu nuclei showing the possible candidate
of the attractive shears bands. The level scheme are adopted
from the Refs. [17, 18].
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FIG. 8: (Color online) The comparison of the experimen-
tal frequency with the calculated values within the HSPAC
model considering the initial alignment of the vectors are anti-
parallel to the axis of rotation (solid lines) and to the symme-
try axis (dash lines) for the candidate of the attractive shears
band in 145Sm. The calculated B(M1) and B(E2) values for
the band are also shown in the inset.
them unique in the group of the shears band. There-
fore, to get a concrete evidence of the attractive shears
mechanism the measurements of the transition strengths
are utmost important. Thus measurement of the tran-
sition probability has been required on urgent basis to
validate the strong candidature of such an extreme exci-
tation mechanism in 145Sm and 146Eu nuclei.
V. CONCLUSION
It is well established the magnetic and antimagnetic
rotational bands in the weakly deformed nuclei near
shell closure are generated from the general mode excita-
tion called shears mechanism. The present semi-classical
calculations within the HSPAC model exhibit that the
large collective contribution (χ = +0.54) of the MR in
139Sm (N = 77) is in agreement with the TAC and the
SPAC results as performed in the previous work. On the
other hand, least rotational contribution (χ = +0.13)
results the maximal contribution of the angular momen-
tum arises from the quasi-particle interaction for the MR
band in 143Eu. All the observed MR bands in the A ∼
140 region are fall in between these two extreme values of
χ. Thus, it may be concluded that there exists an island
in the values of χ as +0.10 < χ < +0.55 outside which
no MR bands due to the repulsive interaction would be
observed.
The semi-classical calculations within the shears mech-
anism with the principal axis cranking model (HSPAC)
reveal the possibility of the shears band due to the at-
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FIG. 9: (Color online) The comparison of the experimen-
tal frequency with the calculated values within the HSPAC
model considering the initial alignment of the vectors are anti-
parallel to the axis of rotation (solid lines) and to the symme-
try axis (dash lines) for the candidate of the attractive shears
band in 146Eu. The calculated B(M1) and B(E2) values for
the band are also shown in the inset.
tractive interaction for nuclei in A ∼ 140 region. Though
the limited information exists in literature, the decreas-
ing trend of the experimental frequency in agreement
with the HSPAC calculation exhibits the dipole bands
above the 4389-keV and 4160-keV excited states in 145Sm
and 146Eu nuclei demand their candidature of the at-
tractive shears bands. Other interesting consequence of
the HSPAC calculations is the increasing nature of the
B(M1) and B(E2) transition strengths with spin unlike
the decreasing nature of the transition strengths (B(M1)
and B(E2) values) of the magnetic rotation and antimag-
netic rotation. Thus measurement of the transition prob-
ability has been required on urgent basis to validate the
strong candidature of such an extreme excitation mech-
anism in 145Sm and 146Eu nuclei.
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